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HQYLURQPHQWDOLPSDFWVRIPLQLQJRQODQGDLUZDWHUHFRORJLFDOGLVWXUEDQFHVDQGLPSDFWRQVRFLRHFRQRPLFIDEULF
,Q RUGHU WR IRUPXODWH HIIHFWLYH VXVWDLQDEOHPDQDJHPHQW VWUDWHJLHV NQRZOHGJH RQ WKH EHKDYLRU RI JURXQGZDWHU
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VWLOO SRRUO\ XQGHUVWRRG 7KH VLJQLILFDQW DVSHFWV RI JURXQGZDWHU LQWHUUHODWHG ZLWK WKH K\GURORJLF
EDODQFHDUHWKHVWRUDJHFDSDFLW\RIURFNVIRUJURXQGZDWHUWKHUDWHRIPRYHPHQWRIJURXQGZDWHUDQG
FKHPLFDO TXDOLW\ 7KH VRXUFH RI ZDWHU SROOXWLRQ LV PDLQO\ IURP VSHQW ZDWHU IURP KDQGOLQJ SODQWV
SXPSLQJ RIPLQHZDWHU HIIOXHQWV IURPEHQHILFLDWLRQ SODQWV GXULQJ GXVW VXSSUHVVLQJZDVK RII IURP
ZDVWHDQGWDLOLQJGXPSV>@*URXQGZDWHURFFXUUHQFHLVUHJLRQDOO\YHU\YDULDEOH&OLPDWLFFRQGLWLRQV
SUHFLSLWDWLRQHVSHFLDOO\DVFHUWDLQKRZPXFKWKHJURXQGZDWHULVUHFKDUJHG*URXQGZDWHUXVXDOO\H[LVWV
HYHQ LQ SODFHV ZLWK YHU\ GU\ FOLPDWHV EHFDXVH RI WKH QDWXUH RI WKH ORFDO JHRORJ\ DQG WKH VRXUFH
FRQWULEXWLQJ LW 6XVWDLQDEOHPDQDJHPHQW RI JURXQGZDWHU UHVRXUFHV FDQEH HIIHFWLYHO\ IRUPXODWHG DQG
LPSOHPHQWHGSURYLGHG LI WKHLU VSDWLDOH[WHQWDQGYDULDWLRQ WKURXJK WLPHDUHSURSHUO\XQGHUVWRRG6RLO
GHJUDGDWLRQLVDOVRRQHRIWKHVLJQLILFDQWLPSDFWDULVLQJRXWRIPLQLQJDQGTXDUU\LQJDFWLYLWLHVZKHUHLQ
WKHODQGVWUXFWXUHLVDOWHUHGGXHWRH[FDYDWLRQVWDFNLQJXSRIWRSVRLODQGORVVRIODQGGXHWRGXPSLQJRI
PLQHZDVWHDQGRYHUEXUGHQVRLO*URXQGZDWHULVYHU\GLIILFXOWWRUHPHGLDWHDQGWKHUHIRUHWKHHPSKDVLV
KDVWREHRQSUHYHQWLRQRILWVSROOXWLRQ>@
7KLV SDSHU DWWHPSWV WR SURYLGH EHWWHU XQGHUVWDQGLQJ DQG LQIRUPDWLRQ DERXW LQWHUDFWLRQV RI PLQH
ZDWHUZLWK VXUIDFH	JURXQGZDWHU UHJLPHV7KLVDUWLFOHDOVR DLPV WRSURYLGHD VKRUW LQVLJKWRQ IHZ
SRSXODUFRQFHSWVRIVXVWDLQDELOLW\DQGLWVDSSOLFDWLRQRQJURXQGZDWHUUHVRXUFHXVHDQGGHYHORSPHQWLQ
PLQLQJDIIHFWHGDUHDV
(QYLURQPHQWDOLPSDFWVRIPLQLQJ
7KHSRWHQWLDOHQYLURQPHQWDOLPSDFWVWKDWFDQRFFXUGXHWRPLQLQJDFWLYLWLHVDUHDVOLVWHGEHORZ
2.1. Acid mine drainage formation 
7KH ZDVWH URFN DQG WDLOLQJV IRUPHG GXULQJ WKH SURFHVVLQJ RI YDOXDEOH PLQHUDOV RIWHQ FRQWDLQ
VXOSKLGHPLQHUDOVVXFKDS\ULWH)H6WKDWZKHQH[SRVHGWRDLUDQGZDWHUZLOOR[LGL]HDQGUHOHDVHODUJH
TXDQWLWLHV RI LURQ DQG VXOSKDWH LQWR VROXWLRQ ,Q DGGLWLRQ+ LRQV DUH OLEHUDWHG GXULQJ WKH R[LGDWLRQ
SURFHVVSURGXFLQJDQDFLGLFVROXWLRQWKDWUHDGLO\ZHDWKHUVDQGUHOHDVHVRWKHUWUDFHPLQHUDOVLHFRSSHU
DQG]LQFLQWRVROXWLRQ7KHDFLGLFVROXWLRQIRUPHGFKDUDFWHULVWLFRIKLJKPHWDOVDQGVXOSKDWHZLWKORZ
S+LVJHQHUDOO\WHUPHGDVDFLGPLQHGUDLQDJH
$FLG PLQH GUDLQDJH DIIHFWV ERWK VXUIDFH DQG JURXQGZDWHU 7KH VRXUFHV RI VXUIDFH ZDWHU
FRQWDPLQDWLRQ DUH OHDFKDWH IURP PLQH RSHQLQJV VHHSDJH DQG GLVFKDUJHV IURP ZDVWH URFN WDLOLQJV
VXUIDFHZDWHUUXQRIIIURPZDVWHURFNDQGWDLOLQJVSLOHVDQGJURXQGZDWHUVHHSDJH>@
2.2. Erosion and sedimentation 
:KHQPDWHULDOLVGLVWXUEHGLQVLJQLILFDQWTXDQWLWLHVDVLWLVLQWKHPLQLQJSURFHVVODUJHTXDQWLWLHVRI
VHGLPHQW DUH WUDQVSRUWHG E\ ZDWHU HURVLRQ 7KH VHGLPHQW HYHQWXDOO\ GURSV RXW RI VROXWLRQ DQG
VHGLPHQWDWLRQRFFXUV DW VRPHSRLQW GRZQVWUHDP IURP WKH HURVLYH VRXUFH7KHGHJUHHRI HURVLRQ DQG
VHGLPHQWDWLRQ GHSHQGV RQ WKH GHJUHH WR ZKLFK WKH VXUIDFH KDV EHHQ GLVWXUEHG WKH SUHYDOHQFH RI
YHJHWDWLYHFRYHU WKHW\SHRIVRLOWKHVORSHOHQJWKDQGWKHGHJUHHRIWKHVORSH(URVLRQFDQDGYHUVHO\
DIIHFWVRLORUJDQLVPVYHJHWDWLRQDQG UHYHJHWDWLRQHIIRUWVEHFDXVH LW UHVXOWV LQ WKHPRYHPHQWRI VRLO
LQFOXGLQJWRSVRLODQGQXWULHQWVIURPRQHORFDWLRQWRDQRWKHU>@
2.3. Fugitive dust emissions 
,Q WKH SURFHVV RI ODUJHVFDOH HDUWKZRUN GXVW HPLVVLRQV DUH LQHYLWDEO\ D SUREOHP 7KHVH GXVW
SDUWLFOHV RULJLQDWH IURP WKH IROORZLQJ SRWHQWLDO VRXUFHV RUH FUXVKLQJ FRQYH\DQFH RI FUXVKHG RUH
ORDGLQJ ELQV EODVWLQJ PLQH DQG PRWRU YHKLFOH WUDIILF XVH RI KDXOLQJ URDGV ZDVWH URFN SLOHV
ZLQGEORZQWDLOLQJVDQGGLVWXUEHGDUHDV'XVWFDQFRQWDLQWR[LFKHDY\PHWDOVVXFKDVDUVHQLFOHDGDQG
RWKHU7KHVH WR[LFKHDY\PHWDOVZKHQ LQFRUSRUDWHGZLWKGXVWFDQFRQWDPLQDWH WKHDLU'XVWFDQDOVR
GHSRVLWLQVXUIDFHZDWHUFDXVLQJVHGLPHQWDWLRQDQGWXUELGLW\SUREOHPV
2.4. Habitat modification 
7KH ODUJH GLVWXUEDQFHV FDXVHG E\ PLQLQJ FDQ GLVUXSW HQYLURQPHQWV DGYHUVHO\ DIIHFWLQJ DTXDWLF
KDELWDWV LH ODNHV SRQGV VWUHDPV ULYHUV WHUUHVWULDO KDELWDWV LH GHVHUWV JUDVVODQGV IRUHVWV DQG
ZHWODQGV WKDW PDQ\ RUJDQLVPV UHO\ RQ IRU VXUYLYDO 7KH GLVUXSWLRQ RI VLWH K\GURORJ\ E\ ODUJH
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FRQVXPSWLRQ RU UHOHDVH RI ZDWHU PDQLSXODWLRQ RI WRSRJUDSK\ DQG WKH UHOHDVH RI SDUWLFXODWHV DQG
FKHPLFDOVFDQDOOKDYHLQGLUHFWLPSDFWVRQYDULRXVKDELWDWV>@
2.5. Surface and groundwater pollution 
:DWHUEHFRPHVHDVLO\FRQWDPLQDWHGDWPLQHVLWHVZKHQLWFRPHVLQWRFRQWDFWZLWKZDVWHURFNDQG
WDLOLQJV6XUIDFHZDWHUDQGJURXQGZDWHUFDQUXQRIIVLWHFRQWDPLQDWLQJGRZQVWUHDPZDWHUERGLHVZLWK
KLJKO\DFLGLFPHWDOODGHQZDVWHZDWHU:DWHUFDQDOVREHFRPHFRQWDPLQDWHGZLWKWR[LFFKHPLFDOVXVHG
IRUSURFHVVLQJPLQHPDWHULDOV VXFKDV F\DQLGHSHWUROHXPSURGXFWV RLO VROYHQWV DFLGV DQG UHDJHQWV
0DVVLYHTXDQWLWLHVRIZDWHUDUHRIWHQQHFHVVDU\RQPLQHVLWHVIRUPDQ\RSHUDWLRQV7KHPRVWVLJQLILFDQW
RIWKHVHZDWHUXVHIRUSURFHVVLQJPLQHUDOVDORQJZLWKWKHRWKHUZDWHUFRQVXPLQJSURFHVVHVFDQFDXVH
GUDZGRZQ RI WKH JURXQGZDWHU WDEOH 'UDZGRZQ FDQ UHGXFH WKH DPRXQW RI ZDWHU DYDLODEOH IRU
UHFKDUJLQJZHWODQGV DQG VXUIDFHZDWHUERGLHV WKHUHE\DIIHFWLQJDQ\RUJDQLVPV WKDWGHSHQGRQ WKRVH
ZDWHUV>@
.H\JURXQGZDWHUPDQDJHPHQWLVVXHVLQPLQLQJDIIHFWHGDUHDV
0LQLQJRIWHQVXEVWDQWLDOO\DOWHUVWKHODQGVFDSHLQZD\VWKDWDIIHFWJURXQGZDWHUVXUIDFHZDWHUDQG
HQYLURQPHQWDO UHVRXUFHV 6WUHDPV VSULQJV DQG ZHWODQGV DUH RIWHQ VXEVWDQWLDOO\ DOWHUHG RU HYHQ
UHPRYHG IURP WKH ODQGVFDSH 6XUIDFHPLQHV E\ WKHLU QDWXUH UHVXOW LQ WKH UHPRYDO RI WKH ODQGVFDSH
ZLWKLQ WKH IRRWSULQW RI WKH RSHQ SLW 7KH UHPRYDO RI NH\ K\GURORJLF ODQGVFDSH HOHPHQWV VXFK DV
VLQNKROHV VWUHDPV DQG VSULQJV PD\ UHVXOW LQ VXEVWDQWLDO DOWHUDWLRQ RI JURXQGZDWHU IORZ SDWWHUQV
TXDQWLW\DQGTXDOLW\2QFHPLQLQJLVFRPSOHWHGDEDQGRQHGZDWHUILOOHGPLQHVRIWHQEHFRPHDQDVVHWWR
ZDWHUUHVRXUFHPDQDJHPHQWJLYHQWKHFUHDWLRQRIODUJHYROXPHVRIZDWHULQVWRUDJHWKDWSUHYLRXVO\GLG
QRWH[LVW
3.1. Issue 1: Extensive aquifer dewatering 
0LQLQJRIFRQVROLGDWHGURFNDQGPLQHUDOGHSRVLWVEHORZWKHZDWHUWDEOHUHTXLUHVWKDWHQRXJKZDWHU
EHSXPSHGWRNHHS WKHPLQHZRUNLQJVGU\7KHPDJQLWXGHRI WKHSXPSLQJ LVRIWHQYHU\KLJKEHLQJ
HTXLYDOHQWWRWKDWRIDVPDOOWRPHGLXPVL]HFLW\+RZHYHUZKLOHFLWLHVXVXDOO\ZLWKGUDZIURPPXOWLSOH
VRXUFHVWKDWDUHDHULDOO\GLVWULEXWHGPLQHSXPSLQJLVFRQFHQWUDWHGDWWKHPLQHDQGVWULYHVWRPDLQWDLQ
FRQVWDQW GUDZGRZQ RI WKHZDWHU WDEOH 7KLV RIWHQ UHVXOWV LQ DTXLIHU GHZDWHULQJ RI D VFDOH XQLTXH WR
PLQLQJ DQG FDXVHV VHYHUH LPSDFWV WR VSULQJV VWUHDPV DQGZHWODQGV7KH UHGXFHGJURXQGZDWHU IORZ
DQGJURXQGZDWHU GLVFKDUJH WR VWUHDPV EDVH IORZ IUHTXHQWO\ UHVXOWV LQ UHGXFHGZDWHU DYDLODELOLW\ WR
H[LVWLQJXVHUVDQGLPSDFWVWRDTXDWLFUHVRXUFHV>@
3.2. Issue 2: Acid mine drainage and contaminant leaching 
$FLGPLQHGUDLQDJHLVFRQVLGHUHGRQHRIPLQLQJ¶VPRVWVHULRXVWKUHDWVWRZDWHUUHVRXUFHV$PLQH
ZLWK DFLGPLQH GUDLQDJH KDV WKH SRWHQWLDO IRU ORQJWHUP GHYDVWDWLQJ LPSDFWV RQ ULYHUV VWUHDPV DQG
DTXDWLFOLIH*URXQGZDWHUSROOXWLRQFDQRFFXUERWKGLUHFWO\DQGLQGLUHFWO\DVDUHVXOWRIVXUIDFHPLQLQJ
'LUHFWGHJUDGDWLRQFDQRFFXUWRJURXQGZDWHUVLWXDWHGGRZQKLOORUGRZQJUDGLHQWIURPDVXUIDFHPLQH
E\ IORZRI FRQWDPLQDWHGGUDLQDJH IURP WKHPLQH7KLVPLQHGUDLQDJH FDQFRPH IURPSLWV SRQGVRU
IURP UDLQIDOO LQILOWUDWLRQ DQG JURXQGZDWHU IORZ GXULQJPLQLQJ DQG DIWHU UHFODPDWLRQ*URXQGZDWHU
SROOXWLRQ ZRXOG UHVXOW IURP WKH VDPH WR[LF RYHUEXUGHQ DQG FRDOPDWHULDOV WKDW FDXVH VXUIDFHZDWHU
FRQWDPLQDWLRQ7KH WKUHDW RI FKHPLFDO FRQWDPLQDWLRQPD\RFFXUGXH WR OHDNLQJXQGHUJURXQG VWRUDJH
WDQNVDQGOHDFKDWHIURPRSHUDWLQJDQGGHFRPPLVVLRQHGPLQHVLWHV7KHK\GURJHRORJLFVHWWLQJFDQDOVR
LQIOXHQFHWKHPLQHGUDLQDJHFRQWDPLQDWLRQRIJURXQGZDWHU0HWDOPLQHVJHQHUDOO\KDYHWKHSRWHQWLDOWR
JHQHUDWHPRUHDJJUHVVLYHPLQHZDWHUVWKDQFRDOPLQHV>@
3.3. Issue 3: Impacts on physical hydrogeology 
:KHQ VXUIDFHPLQHV DUH H[FDYDWHG YHU\ GHHS WKH\ FOHDUO\ UHPRYH SDUW RI WKH DTXLIHUZKLFK LQ
LWVHOIPD\UHSUHVHQWDORVVRIUHVRXUFHRUDWOHDVWDQLQFUHDVHLQYXOQHUDELOLW\IRUWKHVXUURXQGLQJDTXLIHU
UHVRXUFHV LH UHPRYDO RI WKH EDUULHU WR SROOXWDQWV UHSUHVHQWHG E\ WKH XQVDWXUDWHG ]RQH $ KDOR RI
LQFUHDVHG SHUPHDELOLW\ FDQ GHYHORS DURXQG RSHQSLWZDOOV GXH WR H[WHQVLRQDO IUDFWXULQJ LQGXFHG E\
EODVWLQJDQGWKHUHGXFWLRQRIODWHUDOVWUHVVHV$IXUWKHULPSDFWRISLWODNHVOHIWEHKLQGDIWHUFHVVDWLRQRI
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VXUIDFHPLQLQJLV WKDW WKHZDWHUWDEOH WHQGVWREHVWHHSHURQWKHXSJUDGLHQWVLGHRI WKHSLWDQGPRUH
JHQWOH RQ WKH GRZQJUDGLHQW VLGH RI WKH SLW WKDQ ZRXOG EH WKH FDVH XQGHU QDWXUDO FRQGLWLRQV 7KH
FDYLQJLQRIGHHSPLQHVFDQEHH[SHFWHGWRFDXVHIUDFWXULQJDQGVXEVLGHQFHRIRYHUO\LQJVWUDWD>@
3.4. Issue 4: Impacts on local groundwater drainage, flow and discharge 
7KHZDWHU WDEOH VXUIDFH LV D VXEGXHG UHIOHFWLRQ RI WRSRJUDSK\ DQG JURXQGZDWHU JHQHUDOO\ IORZV
IURPWKHKLJKODQGDUHDVWRZDUGVWKHORZODQGYDOOH\VDQGULYHUIORRGSODLQV,IWKHPLQHLVORFDWHGLQD
SURPLQHQW JURXQGZDWHU UHFKDUJH DUHD WKH UHFKDUJH FKDUDFWHULVWLFV PD\ JHW DIIHFWHG E\ WKH EDFNILOO
PDWHULDO 'HVWUXFWLRQ RI VRLO VWUXFWXUH DQG PLFURSRUHV GHFD\HG URRWOHWV ZRUP EXUURZV DQG LFH
ZHGJLQJDOVRVXEVWDQWLDOO\UHGXFHVWKHLQILOWUDWLRQUDWH1DWXUDOJURXQGZDWHUGLVFKDUJHYLDVSULQJIORZ
DW JURXQGZDWHU HPHUJHQW RU EDVHIORZ WR VWUHDPV DQG ULYHUV LV DOVR DIIHFWHG GXH WR DOWHUDWLRQ RI
WRSRJUDSK\7KHPLQHYRLGVFRXOGFRQWLQXHWRDFWDVJURXQGZDWHUVLQNV$VVXPLQJWKDWWKHSLWVDUHQRW
EDFNILOOHG DW WKH FRPSOHWLRQ RI PLQLQJ SLW ODNHV ZLOO IRUP DV JURXQGZDWHU LQIORZV FRQWLQXH DIWHU
GHZDWHULQJ V\VWHPV DUH GHFRPPLVVLRQHG 7KH FRQWDPLQDWHG JURXQGZDWHU EDVHIORZ FDQ RFFXU ORZHU
GRZQRQKLOOVORSHVDQGZLWKLQWKHPDLQYDOOH\VZKHUHWKHJHQHUDOODQGVXUIDFHEHFRPHVORZHUWKDQWKH
UHJLRQDOZDWHUWDEOHRUSRWHQWLRPHWULFVXUIDFH7KHZD\LQZKLFKVSRLOKHDSVDUHIRUPHGIXQGDPHQWDOO\
LQIOXHQFHV WKH LQWHUQDO K\GURJHRORJLFDO FKDUDFWHU RI WKH PLQLQJ VLWH 7KLV LPSDUWV SURIRXQG
KHWHURJHQHLW\WRVSRLOJLYLQJULVHWRVWURQJO\SUHIHUHQWLDOIORZPHFKDQLVPV>@
3.5. Perspectives on sustainable groundwater management plan 
:KLOH JURXQGZDWHUPDQDJHPHQW LV D FRPSOH[ VXEMHFW LQYROYLQJ H[SHUWV LQ JHRORJ\ HQJLQHHULQJ
HFRQRPLFV DQGHFRORJ\ WKHSULPDU\PDQDJHPHQW WDVNERLOVGRZQ WRD VLPSOHFRQFHSWRIEDODQFLQJ
ORQJWHUPVXSSO\DQGGHPDQG*URXQGZDWHULQPLQLQJDUHDVLVXQGHUWKUHDWIURPSUREOHPVWKDWDIIHFW
ERWK WKHTXDQWLW\DQG WKHTXDOLW\RIZDWHU WKDWDTXLIHUVSURYLGH4XDQWLW\SUREOHPVPD\DULVHGXH WR
H[WHQVLYH DTXLIHU GHZDWHULQJ LPSDFWV RQ ORFDO JURXQGZDWHU GUDLQDJH IORZ DQG GLVFKDUJH 4XDOLW\
SUREOHPVLQFOXGHFRQWDPLQDQWOHDFKLQJGXHWRDFLGPLQHGUDLQDJHLPSDFWVRQSK\VLFDOK\GURJHRORJ\
(IIHFWLYHPDQDJHPHQWUHTXLUHV
x $ZDUHQHVVRIWKHVWDWXVRIJURXQGZDWHU²ERWKLWVTXDOLW\DQGWKHTXDQWLW\DYDLODEOH,WIROORZV
WKDWPRQLWRULQJ LV D SUHUHTXLVLWH LQ RUGHU WR LGHQWLI\ZKHWKHUSUREOHPV DUH RFFXUULQJ RU DUH
OLNHO\WRRFFXU
x )RFXVHGDWWHQWLRQWRRYHUH[SORLWHGFULWLFDODUHDV0LQLQJVWUHVVHGDQGXUEDQVWUHVVHG$UHDV
x 7RSUDFWLFHUDLQZDWHUKDUYHVWLQJDQGDTXLIHUUHFKDUJLQJ
x 'HHSHQLQJDQGUHMXYHQDWLRQRIZHOOVDQGSURWHFWLQJZDWHUERGLHV
x :DWHU ODZVDQG ULJKWV LQSODFHZLGHO\ DFFHSWHGDQGFOHDURU LQ WKHLU DEVHQFH DSUDFWLFDEOH
V\VWHPRILQFHQWLYHVGLVLQFHQWLYHV
x 6XUYHLOODQFH WR PRQLWRU DGKHUHQFH WR UHJXODWRU\ PHDVXUHV RU UHVSRQVH WR
LQFHQWLYHVGLVLQFHQWLYHV
x $ZDUHQHVVLQJRYHUQPHQWDOSODQQLQJDQGVRFLHW\DWODUJHRIWKHLPSRUWDQFHRIJURXQGZDWHU

7KH H[WHQVLYH GDWD IRU JURXQGZDWHU DTXLIHUV LV DQ LPSRUWDQW UHTXLVLWH IRU WKH SODQQLQJ DQG
PDQDJHPHQWSURFHVVDQG WRKDYHEDVLFXQGHUVWDQGLQJRIFRQILQHG GHHSDQGXQFRQILQHGDTXLIHUV LQ
XUEDQDQG UXUDO VHJPHQWV7KHUHIRUH LW LV VLJQLILFDQW WR FDUU\RXWGHWDLOHG DTXLIHUPDSSLQJ LQYROYLQJ
K\GURJHRPRUSKLF PDSSLQJ DQG VXEVXUIDFH OLWKRVWUDWLJUDSK\ WKURXJK ZHOO ORJV DQG JHRSK\VLFDO
ILQGLQJV
+\GURJHRORJLFDOUHVHDUFKDQGDSSOLFDWLRQVDUHQHHGHGWR\LHOGLQIRUPDWLRQRQWKHFRQFXUUHQFHDQG
G\QDPLFVRIJURXQGZDWHUV\VWHPDVDFRQWULEXWLQJIDFWRULQZDWHUUHVRXUFHPDQDJHPHQW7KHUHVKRXOG
EH SROLF\ IUDPHZRUN IRU XVLQJ JURXQGZDWHU IURP GHHSHU DTXLIHUV DIWHU GXH UHWKLQNLQJ DQG IUDPLQJ
HFRQRPLFH[WUDFWLRQOLPLWVWKDWZRXOGQRWGDPDJHWKHDTXLIHUV7KHUHVKRXOGEHVSHFLILFJXLGHOLQHVIRU
JURXQGZDWHU ZLWKGUDZDOV IURP XUEDQ DTXLIHUV )RU VXVWDLQDEOH ZDWHU VXSSO\ QHHGV VKDOORZ DTXLIHU
]RQHVKRXOGEHVHSDUDWHO\PDQDJHGIURPGHHSHUDTXLIHUV LQ WKHDUHDVRIKLJKH[SORLWDWLRQ7UHQGVRI
RYHUH[SORLWDWLRQ RI DTXLIHU SDUWLFXODUO\ LQ PLQLQJ DIIHFWHG LI REVHUYHG XUJHQW VWHSV QHHGV WR EH
LPSOHPHQWHG WR HQKDQFH UHFKDUJH RI DTXLIHUV WKURXJK UDLQZDWHU KDUYHVWLQJ DORQJZLWKPHDVXUHV WR
SURPRWH ZDWHU XVH HIILFLHQF\ ,QVWLWXWLRQDO PHFKDQLVP LV QHHGHG WR EH GHYHORSHG IRU HIIHFWLYH
LPSOHPHQWDWLRQRIFRQMXQFWLYHXVHPDQDJHPHQWSURFHVVRIVXUIDFHDQGJURXQGZDWHULQPLQLQJDIIHFWHG
DUHDVDVZHOODVLQWKRVHXUEDQDUHDVZKHUHJURXQGZDWHUTXDOLW\LVDSUREOHP7KHUHLVQHHGIRULQWHU
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DJHQF\DQGLQWHUVHFWRULDOFRRUGLQDWLRQRIJURXQGZDWHUSURJDPPHVQHDUPLQLQJDIIHFWHGDUHDVWRWDNH
SODFHDWYDULRXVRUJDQL]DWLRQDOOHYHOV
6HSDUDWHPDQDJHPHQWJRDOVIRUPLQLQJDIIHFWHGUXUDODQGXUEDQDUHDVZKHUHJURXQGZDWHULVHLWKHU
EHLQJH[WHQVLYHO\H[SORLWHGRUZDWHUOHYHOVDUHFRQWLQXRXVO\GHFOLQLQJVKRXOGEHIUDPHG0HFKDQLVP
VKRXOGEHHYROYHGWRSHULRGLFDOO\UHYLHZJURXQGZDWHUVLWXDWLRQV LQVWUHVVHGDUHDV6LPSOHDQGXVDEOH
*URXQGZDWHU0DSVVKRZLQJFULWLFDO]RQHVRIZDWHUOHYHOVGHFOLQHRYHUH[SORLWDWLRQZLWKLQWKHVWUHVVHG
EORFNVVKRXOGEHSUHSDUHGUHJXODUO\WRPDNHWKHORFDOSHRSOHXVHUGHSDUWPHQWVDQGWKHDGPLQLVWUDWLRQ
DSSULVHRIWKHDODUPLQJVLWXDWLRQV,Q WKH6KDOORZ:DWHU/HYHODUHDVPDSVRIFULWLFDOO\ZDWHUORJJHG
ORFDWLRQV VKRXOG DOVR EH SUHSDUHG DQG PDGH DYDLODEOH WR WKH FRQFHUQHG GHSDUWPHQWV 6FLHQWLILF
VWXGLHVPRQLWRULQJ IRU ZDWHU ORJJLQJSUREOHP RI VKDOORZ ZDWHU OHYHO DIIHFWLQJ WKH DJULFXOWXUDO
SURGXFWLYLW\VKRXOGDOVREHJLYHQGXHSODFHLQWKHSODQQLQJDQGPDQDJHPHQWSURFHVVRIJURXQGZDWHU
UHVRXUFHV>@
)RU WKH VXFFHVV RI JURXQGZDWHU UHFKDUJH SURJUDPPH LQLWLDOO\ LPSOHPHQWDWLRQ DQG LPSDFW LV
UHTXLUHGWREHJLYHQGXHUHFRJQLWLRQDVDSURPLVLQJWRROIRUJHWWLQJIUXLWIXOUHVXOWV,WLVDGYLVDEOHWKDW
LQPLQLQJ DIIHFWHG DUHDV 5HFKDUJH 3LW DQG5HFKDUJH 7UHQFKPHWKRGV VKRXOG EHPRVWO\ WDNHQ XS WR
SURWHFWDTXLIHUVIURPSROOXWLRQ'LUHFWLQMHFWLRQUHFKDUJHZHOOPHWKRGVVKRXOGQRWEHHQFRXUDJHG)RU
UXUDODUHDVDUHDVSHFLILFZDWHUVSUHDGLQJPHWKRGVDQGRQIDUPWHFKQLTXHVVKRXOGEHODUJHO\SURPRWHG
ZLWKDGHTXDWHSDUWLFLSDWLRQRI IDUPHUV'LUHFW UHFKDUJLQJRIDTXLIHUVIURPRSHQSDYHGXQSDYHGDUHDV
VKRXOG QRW EH HQFRXUDJHG EHFDXVH RI JUHDWHU ULVN RI SROOXWLRQ (IIHFWLYH PHFKDQLVP IRU ,PSDFW
$VVHVVPHQW RI JURXQGZDWHU UHFKDUJH VKRXOG EH HYROYHG LQ WKH VWDWH WR NQRZ WKH WHFKQR HFRQRPLF
EHQHILWVRIUHFKDUJHSURJUDPPHV'HFOLQLQJWUHQGRI5DLQIDOOVKRXOGEHWDNHQLQWRFRQVLGHUDWLRQZKLOH
SUHSDULQJ DUHD VSHFLILF UHFKDUJHV SODQV $SSURSULDWHPHFKDQLVP VKRXOG EH GHYHORSHG WR XWLOL]H DQG
UHXVHZDVWHZDWHULQFOXGLQJSULPDU\DQGVHFRQGDU\WUHDWHGVHZDJHGRPHVWLFJUH\ZDWHUDQGLQGXVWULDO
HIIOXHQW ,Q DQ\FDVH WKHVH VKRXOGQHYHUEH DOORZHG WREHGLVFKDUJHG LQ DQ\ VXUIDFHRQJURXQGZDWHU
ERG\7KHVXVWDLQDEOHDQGVRFLDOO\DFFHSWDEOHFURSSLQJSDWWHUQIRUVSHFLILFDUHDEDVHGRQWKHDYDLODEOH
UHVRXUFH IRU FRQMXQFWLYH XVH RI VXUIDFH DQG JURXQGZDWHU FOLPDWH DQG QDWXUH RI VRLO LQ WKH DUHD EH
HYROYHGDQGHQFRXUDJHGE\UHVSHFWLYHDJULFXOWXUHGHSDUWPHQW
*URXQG:DWHU0DQDJHPHQW6WUDWHJLHVQHHGHGWRHQVXUHVXVWDLQDELOLW\RIJURXQGZDWHUGHYHORSPHQW
DUHLJURXQGZDWHUDVVHVVPHQWLL0RQLWRULQJDQGUHJXODWLRQ6DOLHQWUHFRPPHQGDWLRQVDUHJLYHQDV
IROORZV
*URXQGZDWHU0DQDJHPHQWOHDGLQJWRSURWHFWLRQRIUHVRXUFHVKRXOGEHWDNHQXSLQGHILQHGJHRJUDSKLF
UHJLRQVGHVLJQDWHGDV³6WUHVV$TXLIHUV´
x (YROYHDVHSDUDWHµ6WDWH*URXQGZDWHUSROLF\¶IRUPLQLQJDIIHFWHGDUHDVDQGDGGUHVVLVVXHVRI
JURXQGZDWHUSURWHFWLRQWKURXJKSUHSDUDWLRQRIZHOOVWUXFWXUHG³$TXLIHU0DQDJHPHQW3ODQV


x 7DUJHWFDVHVWXGLHVRQJURXQGZDWHUGHYHORSPHQWVRFLRHFRQRPLF	FXOWXUDOLPSDFWVRIRYHU
H[WUDFWLRQRIJURXQGZDWHU
x $VVHVVPHQWRIWUDQVERXQGDU\DTXLIHUVIRUUHFODPDWLRQRIZDWHUORJJHGDUHDV
x :DWHUFRQVHUYDWLRQDQGDXJPHQWDWLRQIRUVXVWDLQDEOHXUEDQGHYHORSPHQW'HVLJQDWLQJJURXQG
ZDWHUPDQDJHPHQWDUHDVDQGGHILQLQJWDUJHWVXVWDLQDEOHZDWHU\LHOGV
)HZFDVHVWXGLHVRIVXVWDLQDEOHGHYHORSPHQWDQGPDQDJHPHQWRIJURXQGZDWHU
*HRUJLRV6WDPDWLVHWDO>@

LQYHVWLJDWHGWKHLPSDFWVRISDVWPLQLQJDFWLYLWLHVDQGLQHIILFLHQW
ZDWHU UHVRXUFHV PDQDJHPHQW RQ JURXQGZDWHU TXDOLW\ LQ WKH /DYULR DUHD 7KH\ GRFXPHQWHG TXDOLW\
GHWHULRUDWLRQ RI JURXQGZDWHU OHDGLQJ WR VHDZDWHU LQWUXVLRQ DQG DOVR QLWUDWH SROOXWLRQ RI DJULFXOWXUDO
RULJLQ0DSVZHUHJHQHUDWHGWRGHPDUFDWHWKHDUHDVZLWKKLJKFRQFHQWUDWLRQVRIKHDY\PHWDOV
6 . &KDXO\D >@ FDUULHG RXW D ZDWHU UHVRXUFH GHYHORSPHQW VWXG\ QHDU D SURSRVHG OLJQLWH
PLQLQJ DUHD DW %KDYQDJDU GLVWULFW RI *XMDUDW VWDWH LQ ,QGLD 7KHLU VWXG\ ZDV PDLQO\ IRFXVHG RQ
DVVHVVPHQW RIZDWHU UHVRXUFHV IRU WKH SUHVHQW DQG IXWXUHZDWHU EDODQFH VWDWXV DQG IRUPXODWLRQ RI D
PDQDJHPHQWDQGFRQVHUYDWLRQVWUDWHJ\IRU WKHDUHD7KHLU UHVHDUFKILQGLQJVVXJJHVWHGIRU,QWHUEDVLQ
WUDQVIHURIZDWHUWRDUWLILFLDOO\UHFKDUJHWKHDTXLIHUVIRUWKHDXJPHQWDWLRQRIWKHJURXQGZDWHUSRWHQWLDO
RIWKHDUHDWRPHHWWKHIXWXUHGHPDQGV,QRUGHUWRPLWLJDWHWKHKHDY\VXUIDFHUXQRIIORVVDURXQG
RIUDLQIDOODOWKRXJKVRPHSDUWRILWLVDOVRXWLOL]HGDVFRQVXPSWLYHXVHGDQGHQKDQFHWKHJURXQGZDWHU
UHFKDUJH FDSDFLW\ RI WKH DUHD UHFRPPHQGDWLRQV ZHUH PDGH IRU WKH FRQVWUXFWLRQ RI VXLWDEOH ZDWHU
UHWDLQLQJ
$KPHW$SD\GÕQ>@H[DPLQHGWKHLPSDFWRIVDQG±JUDYHOPLQLQJLWVRYHUDEVWUDFWLRQDQGWKH
UHVSRQVHRIWKHJURXQGZDWHUV\VWHPLQWKH.D]DQ3ODLQ7XUNH\7KH\IRXQGGHFOLQHRIWKHZDWHUWDEOH
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UHDFKHG ±P LQ WKH UHJLRQVZKHUH RYHUDEVWUDFWLRQ KDG WDNHQ SODFH 7KH\ VXJJHVW UHGXFLQJ WKH
KD]DUGV WR WKH JURXQGZDWHU V\VWHP E\ LPPHGLDWHO\ EDQQLQJ WKH VDQG±JUDYHO SLWV DQG LPSOHPHQW D
UHFODPDWLRQSURMHFWWKHUHE\UHGXFLQJWKHDEVWUDFWLRQ
,&(]HNZHHWDO >@DVVHVV WKH UHJLRQDOJURXQGZDWHUTXDOLW\DQG LWVKHDOWK LPSOLFDWLRQV LQ
WKH/RNSDXNZX/HNZHVLDQG,VKLDJXPLQLQJDUHDVRIVRXWKHDVWHUQ1LJHULD7KHLUDQDO\VLVVKRZHGWKDW
LURQKDGWKHKLJKHVWFRQFHQWUDWLRQH[FHHGLQJWKH:+2SHUPLWWHGGHVLUDEOHOLPLWRIPJOLQDERXW
RIFDVHV0DQJDQHVHZDVXELTXLWRXVLQJURXQGZDWHUVDPSOHVH[FHHGLQJWKH(8SHUPLWWHGOLPLWVLQ
DERXW  RI FDVHV /HDG DQG FDGPLXP RFFXUUHG LQ  DQG  RI FDVHV UHVSHFWLYHO\ 7KHLU VWXG\
FRQFOXGHG WKDW ORQJWHUP H[SRVXUH WR PDQJDQHVH DQG FDGPLXP PD\ EH D VLJQLILFDQW FDXVH RI WKH
SUHYDOHQFHRIPHQWDOUHODWHGLOOQHVVLQWKHVWXG\DUHD7KH\UHFRPPHQGWKHJRYHUQPHQWWRHPEDUNRQ
VHULRXVHQYLURQPHQWDOHGXFDWLRQDQGSURYLVLRQRIZDWHUWUHDWPHQWIDFLOLWLHVWRVDIHJXDUGWKHKHDOWKRI
WKHSHRSOH
:DQJ /L HWDO 
>@
VWXGLHG WKH K\GURJHQ LVRWRSH GHXWHULXPį' FRPSRVLWLRQ DW QDWXUDO
DEXQGDQFH OHYHOV RI [\OHP ZDWHU VRLO ZDWHU JURXQGZDWHU ULYHU ZDWHU DQG UDLQZDWHU WR HYDOXDWH
ZKHWKHU DGXOW SODQW VSHFLHV XVH JURXQGZDWHU DQG DOVR HYDOXDWHG VHDVRQDO VKLIWV GU\ZHW VHDVRQ LQ
ZDWHUVRXUFHVIRUSODQWVJURZLQJLQDVHPLDULGFRDOPLQLQJDUHD7KHLUUHVXOWVUHYHDOWKDWFRDOPLQLQJ
ZDV VLJQLILFDQWO\ DIIHFWLQJ SODQW JURZWK E\ UHGXFLQJ WKHZDWHU VXSSO\ GXH WR GHFUHDVHGZDWHU WDEOH
7KHUHIRUH WKH\ VXJJHVW WR SURWHFW JURXQGZDWHU UHVRXUFHV GXULQJ WKH FRDO PLQLQJ RSHUDWLRQV LQ WKH
UHJLRQ
7LDQPLQJ +XDQJ DQG =KRQJKH 3DQJ 
>@
UHYLHZHG GLIIXVH UHFKDUJH VWXGLHV LQ VHPLDULG
QRUWKHUQ&KLQDZKLFK DUHPDLQO\ EDVHG RQ HQYLURQPHQWDO WUDFHUV RI WKH XQVDWXUDWHG ]RQH FKORULGH
PDVVEDODQFHQDWXUDOWULWLXPDUWLILFLDOWULWLXPDQGEURPLQH6HYHUDOVXJJHVWLRQVEDVHGRQWKHOLPLWHG
JURXQGZDWHU UHFKDUJH UDWH DQG ZDWHU WDEOH VXEVLGHQFH LQ QRUWKHUQ &KLQD ZHUH SURSRVHG IRU
JURXQGZDWHUVXVWDLQDEOHXWLOL]DWLRQIURPWKHLUVWXG\
$\VH3HNVH]HU6D\LWHWDO
>@
HYDOXDWHGWKHGHZDWHULQJUHTXLUHPHQWVRIWKUHHRSHQSLWVORFDWHG
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